Strong evidence for the presence of cancer stem cells (CSCs) in tumors exists. CSCs play an important role in the development, invasion, and drug resistance of carcinoma. Poorly differentiated mucoepidermoid carcinoma (MEC) is a lethal malignancy of human salivary gland tumors. However, whether there are CSCs in MEC and their phenotypes remains unclear. We isolated side population (SP) and sphere-forming cells from the MEC cell line MC3 and identified their characteristics. The results showed that sphere-forming assays could enrich stem cell-like cells, with this group of cells exhibiting high cloning efficiency, possessing strong tumorigenic ability, and highly expressing Oct4 based on PCR and immunocytochemistry assays. They also highly expressed CD44 and lowly expressed CD24 according to PCR, immunocytochemistry assays, and fluorescence-activated cell sorting analysis. Higher cloning efficiency was observed in the SP cells, but PCR revealed that the SP and non-SP cells did not statistically differ in their expression of ABCG2, Oct4, CD44, and CD24. In spite of these, the findings were not conclusive on whether SP cells are stem cell-like cells. In conclusion, CSC-like cells do exist in the MC3 cell line, and sphere-forming assays could enrich them, sphere-forming and SP cells are not the same kind of cell subpopulations, and the characteristics of SP cells need to be further investigated.
INTRODUCTION
Cancer stem cells (CSCs) are a rare population of cancer cells exhibiting stem cell properties, constituting a reservoir of self-sustaining cells with the exclusive ability to self-renew and maintain a tumor. CSCs were detected first in acute myeloid leukemia (1) and then in a solid tumor in breast cancer in 2003 (2). They play a decisive role in tumor formation and growth (3) (4) (5) . The recurrence and drug resistance of tumor can be attributed to potentially quiescent CSCs, which remain vital and capable of repopulating under cancer therapies (2,6). Therefore, the identification and isolation of CSCs in a certain carcinoma are essential in establishing a novel target to treat and further analyze it.
Mucoepidermoid carcinoma (MEC) is common in human salivary glands, and poorly differentiated MEC is lethal. It invades nearby tissues easily and is likely to recur (7) . Conventional surgery often results in devastating functional and cosmetic consequences, and an effective treatment for patients with distant metastasis and recurrent tumors remains elusive. Confirming the presence of CSCs and isolating them effectively in MEC can potentially enhance our understanding of MEC and provide new hope for treatment. The objectives of this study were to determine whether CSCs exist in the MEC cell line MC3 and to identify their biological characteristics.
The three most common ways of isolating and purifying CSCs to date are as follows:
Using the special surface markers (e.g., CD133, CD15, 1.
CD326, CD49f, and CD44) on CSCs to isolate them in tumors by fluorescence-activated cell sorting (FACS) or magnetic-activated cell sorting (8) (9) (10) (11) . Using the characteristic areas unstained by Hoechst 2.
33342 to isolate side population (SP) cells (12- CSC-like cells could proliferate into spheroid-like groups by suspending the tumor cells in serum-free medium with basic fibroblast growth factor and epidermal growth factor.
In this study, we used Hoechst 33342 dye efflux assay and serum-free culture to isolate CSCs instead of surface markers because studies on surface markers on the CSCs of MEC have not been reported yet. Furthermore, we identified the biological characteristics of the cells after isolation.
MATERIALS AND METHODS

Cell Line and Culture
The MC3 cell line was purchased from the Fourth Military Medical University Department of Oral Biology Laboratory and conserved at the Sichuan University State Key Laboratory of Oral Diseases. It was maintained in serum-containing medium composed of RPMI 1640 (Hyclone, Logan, UT, USA) and 10% fetal bovine serum (FBS; Gibco BRL, Grand Island, NY, USA), placed in a humidified 5% CO 2 incubator at 37°C, and passaged once every 3 days.
Isolation of SP Cells
SP analysis was performed as previously described (12) but with slight modifications. Briefly, cells at 70-80% confluence were trypsinized and resuspended in PBS with 2% FBS at a density of 1 ´ 6 10 /ml. Hoechst 33342 (SigmaAldrich, St. Louis, MO, USA) was added to the sus pension of cells at varying final concentrations (1-10 mg/ml). For the control group, Verapamil (Sigma-Aldrich) was added at a final concentration of 50 mg/ml 10 min in advance. The cells were incubated in the dark for 90 min, spun down, and then resuspended in ice-cold PBS containing 2% FBS. Propidium iodine (2 mg/ml; Sigma-Aldrich) was added to discriminate dead cells. Analysis and sorting were performed using BD FACSAria (BD Biosciences, San Jose, CA, USA). SP and non-SP cells were collected separately for further experiments.
Culture of the Cells in Serum-Free Medium
MC3 cells were placed in serum-free DMEM/F12 (Hyclone) medium composed of DMEM/F12, 20 ng/ml basic fibroblast growth factor (PeproTech, Rocky Hill, NJ, USA), 20 ng/ml epidermal growth factor (PeproTech), 1 mg/ml insulin (Sigma-Aldrich), and 2% B27 (Invitrogen, Carlsbad, CA, USA) at a density of 2 ´ 10 5 /ml. Spheroid cells were dispersed into single cells mechanically after formation and then incubated in serum-free medium again. The cells were passaged every 4 days. The fourth generation of cells was used.
Assays of Flat Panel Clone Formation
SP, non-SP, spheroid, and parent MC3 cells were seeded in Petri dishes, and each Petri dish contained 100 cells.
The number of clones that included more than 50 cells was counted under a microscope 7 days later. Cloning efficiency was calculated using the following formula: Colony formation rate = number of clones/number of cells incubated ´ 100%.
Assays of Clone Formation in Soft Agarose
SP, non-SP, spheroid, and parent MC3 cells were seeded in 24-well plates. The procedure was as follows: 0.3 ml of 0.6% low-melting point agarose (Type VII, Sigma-Aldrich) was poured onto each well as the bottom layer, on top of which 0.3 ml of 0.35% agarose containing 100 cells was added. The cells were cultured in an incubator after the agarose had solidified at room temperature. The number of clones containing more than 50 cells was counted under a microscope on the 10th day, and the cloning efficiency was calculated.
MTT [3] [4] Assays SP, non-SP, spheroid, and parent MC3 cells were seeded in 96-well plates, with each well containing 2,000 cells and cultured in complete RPMI 1640 with 10% FBS. The viability of the cells was measured using MTT (SigmaAldrich) assay. Optical density values were obtained using a microplate reader (Varioskan Flash 3001, Thermo, USA) on days 1, 3, 5, 7, and 9.
Quantitative Real-Time PCR
Quantitative reverse transcription PCR was carried out using real-time PCR with SYBR Green to detect the expression of the genes ABCG2, CD24, CD44, and Oct4. All primer sequences used are shown in Table 1 . Cells were harvested, and RNA was extracted from the SP, non-SP, spheroid, and parent MC3 cells with Trizol reagent (Invitrogen) and then reverse-transcribed into cDNA using a PrimeScript RT Reagent Kit (Takara, Dalian, China) according to the manufacturer's instructions. Quantitative real-time PCR was carried out according to the standard protocol of SYBR Premix Ex Taq Ô II Kit (Takara) on ABI 7300 (Applied Biosystems, Foster City, CA, USA).
DD
Ct was used to calculate the relative fold changes after normalization with the internal reference gene GAPDH to quantify changes in gene expression.
Immunocytochemistry Assays
Spheroid and parent MC3 cells were plated on glass coverslips at 37°C overnight, washed twice with PBS, and then subjected to immunocytochemistry assays for CD24, CD44, Oct4, and isotype control. The primary antibodies used were mouse monoclonal anti-CD24 (dilution, 1:40; Biolegend, San Diego, CA, USA), rat monoclonal anti-CD44 (1:100; eBioscience, San Diego, CA, USA), and rabbit monoclonal anti-Oct4 (1:50; Bioworld, Minneapolis, MN, USA). The secondary antibodies were goat anti-mouse IgG, goat anti-rat IgG, and goat anti-rabbit IgG (all 1:50; Bios, Beijing, China). The color of DAB was shown by the immunohistochemical ABC method. Photos were taken under a microscope (Nikon Eclipse 80i, Nikon Corp., Tokyo, Japan).
FACS Analysis
Spheroid and parent MC3 cells were trypsinized into a solitary cell suspension. The cells were counted, washed twice with PBS, resuspended in ice-cold PBS (supplemented with 2% FBS), and then labeled with antibodies specific for human cells, namely, CD24 (Biolegend) and CD44 (eBioscience). The cells were incubated with antibodies for 30 min at 4°C in the dark. Unbound antibody was cleared by washing with PBS twice. Next, FITClabeled secondary antibody (Bios) was added to the suspension, and the cells were incubated for another 30 min at 4°C in the dark, washed with PBS twice, and subjected to FACS analysis. 
Tumorigenicity
Tumorigenicity was compared between spheroid and parent MC3 cells. Male Balb/c nude mice were obtained from, and maintained at, the Laboratory Animal Center of Sichuan University. This study was approved by the ethics committee of Sichuan University, and all operations were carried out under conditions of least suffering. The 4-to 6-week-old mice were injected with 100 ml of cell suspension into the subcutaneous tissue on the right back area. The cell suspension used in the experimental and control groups contained 1 ´ 10 3 , 1 ´ 10 4 , and 1 ´ 10 5 cells, whereas only 100 ml of RPMI 1640 medium was administered to the blank control group. Tumorigenicity was measured by tumor incidence. Engrafted mice were inspected weekly and killed 4 weeks posttransplantation by cervical dislocation. Tumors were resected, fixed in 4% paraformaldehyde, and embedded in paraffin. Sections were subjected to H&E and Alcian Blue staining and imaged under the microscope. The engrafted mice that did not exhibit signs of tumor burden were also examined on necroscopy to confirm the absence of tumor formation.
Statistical Analysis
Statistical analysis was performed with SPSS 11.5 (SPSS, Chicago, IL, USA). All quantified data represent an average of at least three samples. Error bars represent SD. Student's t test was used to determine statistical differences between SP and non-SP cells as well as between spheroid and parent MC3 cells. A value of p < 0.05 was considered statistically significant.
RESULTS
SP Cells Were Present in the MC3 Cell Line
In the SP assays, SP cells were located at the area where both fluorescence intensities were weak. The proportion of SP cells decreased gradually with increasing Hoechst 33342 concentration. When the concentration of Hoechst 33342 was 3 mg/ml, SP cells began to appear at a ratio of approximately 9-10%. When the concentration reached 10 mg/ml, the ratio of SP cells was approximately 2-3% (Fig. 1) . We selected 10 mg/ml Hoechst 33342 to sort cells and identified the sorted SP/non-SP ones.
MC3 Cell Line Could Form Spheroid Cells in Serum-Free Medium
We placed the MC3 cells in serum-free medium and detected spheroids that included several cells on the following day. Spheroids appeared after the cells were cultured in serum-free medium for 4 days. As time progressed, the spheroids grew gradually with more cells, and their number increased. On day 7, we could see spherical bodies including hundreds of cells. We isolated and passaged the spheroid cells and found that they could more easily form spheroids that were tighter than the parent MC3 cells. When we cultured the spheroid cells in RPMI 1640 with 10% FBS, they became adherent.
SP and Spheroid Cells Had Higher Cloning Efficiency
The results showed that the cloning ratios of SP cells were approximately 67.24 ± 4.86% in the flat panel cloning assays and 45.19 ± 2.56% in the soft agarose cloning assays. The corresponding cloning ratios of non-SP cells were approximately 33.76 ± 3.00% and 14.67 ± 2.88% (Figs. 2 and 3) . Therefore, the cloning ratio of SP cells was higher than that of non-SP cells (p < 0.05).
The spheroid and parent MC3 cells also underwent the flat panel and agarose colony formation experiments. The results showed that the cloning ratios of spheroid cells were approximately 54.48 ± 4.08% in the flat panel cloning assays and 41.77 ± 4.14% in the soft agarose cloning assays. The corresponding cloning ratios of parent MC3 cells were approximately 36.77 ± 0.96% and 20.44 ± 0.72% (Figs. 2 and 3) . The cloning ratio of spheroid cells was thus higher than that of parent MC3 cells (p < 0.05).
Growth Curves of the Cells
The optical density values obtained from MTT assays were used to draw growth curves. From the curves, we could see that the proliferative ability of SP cells was significantly higher than that of non-SP cells (p < 0.05) and that the proliferative ability of spheroid cells was higher than that of parent MC3 cells (p < 0.05) (Fig. 4) .
Quantitative Real-Time PCR
We compared the expression status of the genes ABCG2, CD24, CD44, and Oct4 between SP and non-SP cells as well as between spheroid and parent MC3 cells using quantitative real-time PCR. The results showed that the reference gene GAPDH was stably expressed in all samples; the SP and non-SP cells did not statistically differ in their expression of ABCG2, CD24, CD44, and Oct4 (p > 0.05), and the spheroid and parent MC3 cells did not statistically differ in their expression of ABCG2 (p > 0.05). However, the expression of CD24, CD44, and Oct4 showed statistical differences between spheroid and parent MC3 cells (p < 0.05) (Fig. 5) .
Expression of Proteins
Immunocytochemistry assays were used to analyze the expression of CD24, CD44, and Oct4 between spheroid and parent MC3 cells. The expression of CD24 in spheroid cells was lower than that in MC3 cells, but the expression of CD44 and Oct4 in spheroid cells was higher than that in MC3 cells. CD24 and CD44 were expressed in the cell membrane and cytoplasm, whereas Oct4 was expressed in the nucleus (Fig. 6) . We also evaluated the expression of CD24 and CD44 by FACS analysis. According to three independent experiments, the average expression levels of CD24 − and CD44 
Spheroid Cells Were Highly Tumorigenic
Experimental engraftment was carried out between spheroid and parent MC3 cells. One month after inoculation, all three mice inoculated with 1 ´ 10 5 spheroid cells and one mouse inoculated with 1 ´ 10 4 spheroid cells developed tumors (Fig. 9) . None of the mice inoculated with the parent MC3 cells developed tumors. The results showed that the spheroid cells had higher tumor formation ability than the parent MC3 cells (Table 2) .
DISCUSSION
CSCs are known to facilitate not only tumor formation, progression, and recurrence but also drug resistance (18, 19) . A considerable body of evidence has shown that stem cell-like cells are present in tumors and that the mere injection of stem cell-like cells into nude mice could lead to tumor development.
Research has demonstrated that a hierarchy is maintained in long-term cancer cell culture (20) and that longterm cultured cancer cells may contain rare stem cell-like cells (21). These findings suggest that primitive CSCs are maintained in cell lines together with other cells at different stages of differentiation. To simplify our research procedures, we opted to use a cancer cell line (MEC cell line MC3), instead of patient samples, to study CSCs.
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7 cells in the MC3 cell line successfully. Both cell types exhibited higher cloning efficiency and higher viability. We then analyzed the expression of genes Oct4, CD44, CD24, and ABCG2 in the two groups of cells.
Oct4 is a typical stem cell-associated gene (22). Research has shown a high-level expression of Oct4 in CSCs and human embryonic stem cells compared with differentiated tissues (5, 23, 24) and that it is one of the genes that could reprogram adult cells into induced pluripotent stem cells (25, 26) . In the present study, we demonstrated a high-level expression of Oct4 in spheroid cells. We also found a high-level expression of the gene CD44 and a low-level expression of the gene CD24 in spheroid cells, which are consistent with data previously reported for CSCs in breast cancer (2). However, we did not find any statistical difference between spheroid and parent MC3 cells in their expression of the gene ABCG2 nor between SP and non-SP cells in their expression of the genes ABCG2, CD24, CD44, and Oct4. These indicate that spheroid and SP cells are not the same subgroup of cells in the MC3 cell line and suggest that the former subgroup is better than the latter type for a CSC phenotype. We therefore used serum-free culture conditions in the following experiment.
Confirming CSCs is centered on their potential for both self-renewal and tumor propagation because these are the characteristics of stem cells (27). We performed tumorigenicity experiments to confirm the characteristics of spheroid cells further and found that tumors formed in nude mice injected with 10,000 spheroid cells, but not in those injected with 100,000 parent cells. We also analyzed the expression of proteins in spheroid and parent MC3 cells, and the results were consistent with the reverse transcription PCR assays. All these indicate that spheroid cells enriched CSCs.
In 1996, Goodell et al. (12) found a bone marrowderived cell population, called SP, that could not accumulate Hoechst 33342. The investigators also found that the SP was abundant in hematopoietic stem cells (28). Since then, the SP method has been widely used to isolate stem cell-like cells (29) (30) (31) (32) . ABCG2, an ABC transporter, is related to the function and identification of SP cells (13, (33) (34) (35) , characterizing it as a potential CSC marker. However, whether SP cells are stem cells or not remains controversial in the literature (32, 36, 37) . Some lines of evidence have suggested that SP cells are heterogeneous. SP cells also have some special biological properties in addition to their many similarities with stem cells. Sorting 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52 53 54 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54 SP cells by flow cytometry using Hoechst 33342 is highly reliant on the viability of cells (38): anything that affects cell division could influence Hoechst 33342 efflux and then alter the composition of SP cells (37). Moreover, the composition of SP cells is also affected by many other factors, such as certain drugs (39) and genomic instability (40), rendering it difficult to control the experimental conditions. Although the SP method has limitations in identifying CSCs, Hoechst 33342 is still being widely used to sort CSCs with unknown markers.
We found that SP cells were present in the MC3 cell line by FACS analysis, consistent with findings in other kinds of tumors (31, 32) . The SP cells appeared as a continuous tail coming from the main population, not a separate population, and it was difficult to identify standard gating strategies. The ratio of the SP population was not stable, and it varied as the concentration of Hoechst 33342 changed. The proportion of SP cells decreased gradually with a progressive increase in the concentration of Hoechst 33342, suggesting that the higher the concentration of Hoechst 33342 is, the purer the SP cells would be. To study their biological characteristics more exactly, we isolated the SP cells at 10 mg/ml Hoechst 33342. However, we failed to find any statistical difference between the genes ABCG2, CD24, CD44, and Oct4. Hoechst 33342 is an inhibitor of DNA synthesis and a potent mitotic inhibitor; furthermore, it exhibits toxicity to cells depending on its concentration (41), and non-SP cells accumulate more Hoechst 33342 than SP cells, indicating that the damage caused by Hoechst 33342 in non-SP cells might be more severe than that in SP cells. Therefore, SP cells exhibit higher cloning efficiency and viability compared with non-SP cells. In spite of this, their precise mechanism of action needs to be further explored.
ABCG2 has an important role in the confirmation of SP cells, but the SP and non-SP cells did not show any statistical difference in its expression. Other factors thus probably contribute to the dye efflux, and they should be further investigated. It might not be suitable to obtain stem cell-like cells by sorting SP cells from the MC3 cell line, and the characteristics of SP cells in MC3 warrant further research.
We selected the MC3 cell line for this study because experiments on primary tumor cells are costly and difficult to perform. Although cancer cell lines retain the cellular hierarchy characteristic of primary tumors, they differ from primary tumors in many aspects, indicating that our findings could not be fully applied to MEC. Nevertheless, our findings provide a useful reference for the study of CSCs in MEC and offer new hope for novel effective treatments. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54 
